Dominant atrial rates obtained from the sugace electrocardiogram (ECG) during atrial fibrillation (AF) have been shown to reflect right atrial (RA) 
1.

Introduction
During atrial , fibrillation (AF), re-excitation occurs during the repolarization phase of the preceding electrical wave, implying that local excitation aImost always occurs without any obvious latency beyond the refractory period. The rate of fibrillatory atrial activation exhibits a close inverse correlation with atrial refractoriness 113 and subsequently AF organization expressed as complexity of atrial activation. [2] Previous studies have shown that the dominant atrial rate can reliably be obtained from the surface ECG. 
2.
Methods
Patients
The subjects of this study were 25 consecutive patients with drug-refractory AF who underwent PV catheter ablation and presented in AF at the begin of the procedure (Table 1 ). All patients gave written informed consent for the procedure. Before proceeding with the ablation procedure, 12-lead surface and endocardial electrocardiograms were recorded and stored using a commercial recording system (Bard EP Lab System Duo, Billerica, USA).
Intracardiac rates at high right atrium (n=21), mid coronary sinus (n=lX) and pulmonary veins (n=25) were determined using Fourier-based spectral analysis in 10-second recordings as described previously. [5, 6] Figure 1. Time-frequency analysis of AF. Two seconds (out of a 10 second recording) of an ECG signal from a patient with AF (upper panel), and the same interval after QRST cancellation (middle panel, amplitude scale is magnified five times). The fibrillatory signal' is then subjected to Fourier-based time-frequency analysis. Time-frequency distribution (left box), power frequency spectrum in which mean fibrillatory rate is determined (middle box), frequency trend (right box).
The surface ECG was processed using analysis techniques which have also been described in detail before. Briefly, after analog-to-digital conversion (2000 Hz, 12 bit, 0.05 -300 Hz) electrograms were stored on optical disk and transferred to a personal computer. After high-pass filtering to . remove baseline wander. QRST complexes were subtracted using spatiotemporal QRST cancellation. Since the dominant frequency component of interest is within the 4 -9 Hz range, the resulting fibrillatory baseline signal was downsampled to 50 Hz and subjected to spectra1 analysis. The time-frequency distribution of the atrial signal (obtained by short-term Fourier transform) is decomposed such that each spectrum can be modeled as a frequency-shifted and amplitude-scaled version of the spectral profile. This procedure is based on a spectra1 profile, dynamicaiIy updated from previous spectra, which is matched to each new spectrum using weighted least squares estimation. The frequency shift needed to achieve optimal matching then yields a measure of instantaneous fibrillatory rate of a 2.5-second ECG segment (overlapping with one segment each second) and is trended as a function of time. [7] Frequencies were converted to fibrilIatory rates with its unit fibrillations per minute (fpm) as advocated previously (rate = frequency * 60). Mean fibrillatory rate (in fpm) defined as average of instantaneous fibrillatory rates over the two-minute ECG segment was determined. (Figure 1). 
Statistical analysis
All continuous variables are presented as mean f one standard deviation. Fibrillatory rates obtained from intracardiac and surface recordings were compared using t-test for paired data, correlation analysis, and the BlandAltman method. The possible relation between fibrillatory rates and clinical variables was explored using t-test for unpaired data for continuous data or chi-square test for categoric data and correlation analysis. A p value <.05 was considered statistically significant. (Rate PV + Rate V l ) E (fpm) Figure 3 . Agreement of fibrillatory rates from the right atrium (top), coronary sinus (middle), pulmonary veins (bottom) with simultaneously recorded fibrillatory rates from surface ECG lead V 1 (Bland-AItman method). 
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4.
Discussion and conclusions
